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Abstract 

In Phys. Rev. Lett. 90, 063003 (2003) and 91, 203001 (2003) the au- 
thors observed deceleration of falling cold atoms in the field of horizontal 
laser beam. Deceleration and stopping of the atoms are accompanied by 
appearance of radiation in a vertical optical resonator. Here we propose 
a physical explanation of phenomenon and final test for such demonstra- 
tional experiments. 
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Very interesting experimental results were presented in [1, 2]. The authors 
observed deceleration of falling cold atoms in the field of horizontal laser beam. 
This deceleration and stopping of atoms are connected with appearance of ra- 
diation in the vertical optical resonator. Unfortunately, these experiments were 
obtained neither right physical explanation, nor the necessary end. Now we can 
propose both this things. 

A special importance of the discussed experimental results is that they 
clearly demonstrate a physical mechanism of capture and cooling of atoms in 
optical trap. At the first step the interactions of atom with horizontal laser ra- 
diation through forward Raman transition leads to the formation of a so-called 
coherent state. It means, that the initial position of the atom in the space is 
marked. Then the atoms continue to fall down under action of gravity. 

At the second step an asymmetrical Raman transition takes place: the atom 
absorbs photon from horizontal beam and emits it in a vertical downward di- 
rection. The atom obtains a recoil moment in upward direction and decelerates. 
If the intensity of laser radiation is sufficiently high, the asymmetrical Raman 
recoil will be repeated until the atom stop and return in the initial point in 
optical trap. 

A physical base of the asymmetrical Raman process is extremely high differ- 
ential cross-section of the downward stimulated emission transition. Decelera- 
tion of atoms is not a result of a spontaneous symmetry breaking, but it is quite 
direct manifestation of a fundamental property of optics (physics): inequality of 
forward and reversed processes [3, 4]. Atoms are decelerated and held in optical 
trap not by a potential barriers in optical lattice, but by the asymmetrical Ra- 
man recoil. Directed downward radiation is a manifestation of this dynamical 
process. Its recoil compensates the gravity. 
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Unfortunately, the vertical resonator mixes upward and downward radia- 
tions. For a completion of the discussed experiments we need to determine 
the initial direction of vertical radiation and to measure its intensity. For this 
purpose the resonator's mirrors may be substituted by two photodiodes. In 
this case the intensity threshold will be substantially greater. But when we 
shall reach this threshold, a highly directed downward radiation will appear. In 
steady-state conditions it compensates gravity. The recoil energy of one photon 
is Eji = h? /2mX'^. So, the averaged emission flux (photon/second) of downward 
radiation from an optical trap may be deduced as: 

_ NmgX 

^downward — 

where A'^ is the number of atoms in the trap, m is the atomic mass, g is the 
acceleration of gravity, A is the wavelength of the light, and h is Planck constant. 

The discussed experiments well suit for demonstration and proving of physi- 
cal mechanism of holding and cooling of atoms in optical trap. However, a more 
common problem is experimental study of a dependences of cross-section of a 
reversed optical transition from a number of physical parameters (direction of 
radiation, frequency, phase, position of atom in space, etc.). For such task the 
experiments with Bloch oscillations in a vertical optical lattice much better suit 
[5, 6]. ^ 

In conclusion, we hope that our scientists will begin to work in right di- 
rection: to carry out a premeditated experimental study of time invariance 
violation in optics. 
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